Background: Lateral end of clavicle fractures can be a challenge, with a 20% to 30% non-union rate if treated nonoperatively. Several operative options exist, each having their own merits and some having potential disadvantages. The Minimally Invasive Acromioclavicular Joint Reconstruction (MINAR Õ ) (Storz, Tutlingen, Germany) set uses an Orthocord (Depuy Synthes Mitek, Leeds, UK) suture and two Flip Tacks (Storz) via a transclavicular-coracoid approach to reconstruct the coracoclavicular ligaments. Methods: Referrals were made to two senior surgeons at separate institutions regarding Robinson Type 3 fractures of the lateral end of the clavicle. All patients were treated with MINAR implant via a minimally invasive approach. Two-year follow-up was obtained using the Oxford Shoulder Score (OSS) and the Quick DASH (Disability of the Arm Shoulder and Hand) score. Results: Sixteen cases of acute fractures of the lateral end of the clavicle were included in this series. At final follow-up, the mean OSS was 44.75 (range 35 to 48) and the median Quick DASH score was 2.3 (range 0 to 35.9). Fifteen patients achieved bony union (one asymptomatic non-union) and there were no complications or re-operations. Conclusions: The MINAR is reproducible and safe when treating lateral end of clavicle fractures. We consider that, over the short-to mid-term, it achieves results equivalent to those for other implants.
Introduction
There are multiple classifications described for lateral end of clavicle fractures, including those of Allman, 1 Craig 2 and Neer. 3 Robinson further classified clavicular injuries and defined the lateral one-fifth of the clavicle as Type 3. 4 There is a 20% to 30% non-union rare if treated non-operatively. [5] [6] [7] Several operative methods allowing bony union and coracoclavicular ligament healing exist, each with their own advantages and disadvantages. These include:
. Kirschner wires or coracoclavicular screws, which are cheap but have been documented to migrate into the chest [8] [9] [10] or undergo fatigue fracture, respectively. 11, 12 . lateral end of clavicle locking plates 7 (separate to hook plates), allowing accurate reconstruction of bone fragments.
. lateral end of clavicle modified tension banding techniques with transacromial Kirschner wires or suture anchors. 13, 14 . hook plates, which are not only very reliable for union, but also can have complications, including rotator cuff tear, 15 impingement pain 16 and need for removal. [17] [18] [19] Robinson et al. reported favourable results with an endobutton technique when reconstructing the coracoclavicular ligaments in clavicle fractures. A mean Constant score of 87.1 and a median Disability of the Arm Shoulder and Hand (DASH) score of 3.3 was reported at 1 year. 20 Similar results have been replicated for ACJ reconstructions when using the Minimally Invasive Acromiocalavicular Joint Reconstruction (MINAR Õ ; Storz, Tutlingen, Germany) set in Germany with a mean Constant score of 94.1 at 23.3 months. 21 The present study aimed to demonstrate an acceptable Oxford Shoulder Score (OSS) and DASH score between surgeons at different district general hospitals, following MINAR for lateral end of clavicle fractures.
Materials and methods
Patients were referred to the two senior surgeons at separate institutions with displaced Robinson Type 3 fractures of the lateral end of the clavicle. In each case, there was more than 50% displacement, indicating coracoclavicular ligament rupture. Referral sources included accident and emergency departments or inhouse fracture clinics. No tertiary referrals were received. Diagnosis was based on clinical and radiological (plain X-ray) findings. All patients were operated on within a 2-week period.
Over a 2-year period, data were collected from the institutions regarding patient demographics, function and outcome scores, including the OSS and the Quick DASH score.
All procedures were performed under the direct care of the named investigators.
Movement and physiotherapy was commenced after the first clinic appointment at 2 weeks. No over shoulder height range of movement was allowed for the first 6 weeks postoperatively.
Routine follow-up occurred in the outpatients department at 2 weeks, 6 weeks, 3 months and 1 year or until radiological union and full return of acceptable shoulder function was observed. A full return to function was our primary goal. Union was defined clinically and radiographically as the absence of pain and presence of new bone or consolidating callus on plain anteroposterior X-ray.
Surgical technique
Using a beach-chair position (under general anaesthesia) and with prophylactic antibiotics according to local policy, minimally invasive approaches were used over the lateral end of the clavicle and the coracoid to facilitate exposure. The superior acromioclavicular ligaments are protected and or reconstructed using this technique where required. The clavicle was reduced. Both centres utilized the MINAR with number 2 Orthocord (Depuy Synthes Mitek, Leeds UK) threaded twice through the Flip Tacks (Storz) and then tied over the clavicular Flip Tack after reduction (Figures 1  and 2 ). The dedicated Storz instrumentation was used with this technique to avoid an eccentric hole in the coracoid that would result in pull out of the Flip Tack or fracture of the coracoid. Patients were either discharged the same day or had a single overnight stay and left hospital with the arm immobilized in a sling for 2 weeks.
Results
Sixteen cases met the Robinson Type 3 criteria, which were acute fractures (i.e. less than 2 weeks old). Of these, 13 were male and three were female. The ages ranged from 16 years to 49 years.
The cases could be further subdivided into Robinson Type 3B1 (n ¼ 14) and Robinson Type 3B2 (n ¼ 2).
The mean time at follow-up was 48 weeks (range 6 weeks to 113 weeks). The outlier of 113 weeks was a result of an initial loss of follow-up but did not re-present as a problem. At final follow-up, the mean OSS was 44.75 (range 35 to 48), with a median Quick DASH score of 2.3 (mean 8; range 0 to 35.9).
Fifteen patients had radiological evidence of bony union. This took place in the interval from 6 weeks to 10 weeks.
The remaining patient had been discharged at the 6-week period on request with no callus formation but was pain free and has not returned with failure of the implant.
There were no re-operations amongst this group and no complications as far as we are aware. Complications would encompass neurovascular damage, non-union, displacement or failure of the implant.
Discussion
Robinson Type 3 injury to the lateral part of the clavicle is uncommon and occurs as a result of a direct high energy impact to the shoulder itself. Our patient cohort demonstrated that typically young, active indiviuals and those suitable for employment sustain these injuries. Being such an age increases the demands of not only the service provided, but also the implant and its longevity.
It is imperative that any surgical procedure provides stability and union to facilitate a quick return to work and leisure activities of a normal adult, without the need for further surgery. We feel that our results reflect this ambition.
There has been wide use of the hook plate over the last 20 years for such injuries. Three recent studies [15] [16] [17] have all used the Constant and Murley Score over both the short and medium term to analyze the hook plate (Table 1) . Despite the lower levels of impingement recorded, all of the plates in these studies (except one) were still removed, [17] [18] [19] after successful union was achieved.
A mean follow-up of our cohort at almost 1 year after surgery demonstrates the short-and intermediate-term success of the operation. The range of follow-up appointments is dramatic as a result of outliers at each end of the spectrum. There was evidence of radiological union at as little as the 6-week period. This was defined as new cortical bone formation on three out of four cortices.
The observed Quick DASH scores are sufficiently low that minimal disability is observed in this group after using the MINAR technique. The median Quick DASH score observed in our series 2,3 is comparable to that of the series published by Robinson et al., 3 indicating the reproducibility of results using a minimally invasive 'endobutton-type technique'. 20 More recently, Soliman et al. have published a series of 14 patients using an under-coracoidaround-clavicle (UCAC) technique using an ethibond suture without drill holes. 22 Although not directly comparable to our own results, they reported similar success, with 13 bony unions and a Constant score of 96.07.
The OSS values observed in the present study reflect that the majority of the patients have satisfactory shoulder function and do not require any further treatment.
The absence of hardware failure, complications or need for second surgery makes this technique for Robinson Type 3 fractures appealing. 
Conclusions
Although lateral end of clavicle fractures are relatively uncommon, they tend to occur in younger patients who have higher demands both at work and recreationally. Therefore, we consider that a surgical technique used to prevent the complications of malunion and non-union should be quick, inexpensive, reproducible and without the need for further surgery or lead to complication. Our results suggest that this can be achieved and that the MINAR is equivalent in efficacy to other implants.
We have been able to demonstrate that the MINAR, when used on Robinson Type 3 lateral end of clavicle fractures, achieves results that are favourable as evaluated by both the Quick DASH score and OSS. Our results are equivalent to that of surgeons in other series, and we therefore consider that this technique is reproducible, reliable and safe.
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